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A METHOD FOR FABRICATING A LIQUID CRYSTAL CELL 

The present invention relates to a method for 
fabricating a liquid crystal cell, and more particularly 
. to a method for fabricating a liquid crystal cell in 
which the liquid crystal molecules are aligned by 
irradiating light. 

Generally,* a liquid crystal cell comprises two 

r * 

substrates and liquid crystal materials injected between 
these substrates, the liquid crystal materials comprising 
anisotropic molecules. It is necessary to orderly align 
liquid crystal molecules in the cell in order . to obtain 
a uniform brightness and the high contrast ratio in the 
liquid crystal cell. '.Therefore, some treatment on the 
substrate is carried out to provide orderly alignment of 
liquid crystal molecules. In FIG.l, the director of 
liquid crystal molecule n is determined by a pretilt 
angle 6 which corresponds '.'to a polar angle of the 
director n and a pretilt angle direction 0 which 
corresponds its azimuthal angle. The Cartesian coordinate 
of the director n of liquid crystal molecule is defined: 
n = (cosflcoscp, cos0sin0, sinfl) . 

The director n of liquid crystal is determined 
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by controlling the pretilt angle 6 and the pretilt angle 
direction <p by carrying out alignment process on the 
substrate. In this specification, the director n is 
substituted with a pretilt defining a pretilt angle and 
pretilt angle direction. 

A conventional alignment process is the rubbing 
method demonstrated in FIG. 2- The rubbing process 
comprises following steps: coating a substrate 11 with an 
alignment layer 12 such as polyimide; and mechanically 
rubbing the alignment layer (FIG. 2a) . Thereby, 
microgrooves with pretilt 6, are formed on rubbed surface, 
of the alignment layer ( FIG . 2b) . The liquid crystal 
molecules are thus uniformly aligned due to the 
intermolecular interaction between the polyimide 
15 molecules and the liquid crystal molecules. 

In the above described rubbing process, however, 
defects are formed in the microgrooves which cause light 
scattering 1 and random phase distortion. Also during the 
rubbing process, dust particles and electrostatic 
discharges are generated on the alignment layer, so that 
the substrate is damaged and yield is decreased. 

"To solve the aforementioned problems, the photo- 
alignment method has been recently introduced. The 
conventional photo-alignment method is illustrated in 



FIG. 3. In this method, double exposure of linearly 
polarized light is necessary to determine a pretilt. 
FIG. 3a shows the first , irradiation process in which 
linearly polarized ultraviolet light is vertically 
irradiated into an alignment layer 12. When polymers are 
irradiated with the light having the polar ized direct ion 
O parallel with side chains of the polymers, cross- 
linking is generated between the side chains belonging 
different polymers. The reacted polymer becomes symmetric 
due to the side chains as well as the main chains of the 
polymer; the main chains are arranged in the 
perpendicular direction to the polarized direction O of 
light. Thereby, two pretilt directions 0,, B 2 are 
determined in the perpendicular direction to the 
polarized direction O of the light as shown FIG. 3a. 
However, the formed pretilt angle is small, typically 
less than 0.11°, and one pretilt direction is to be 
selected, so a second exposure must be carried out as 
shown in FIG. 3b. 

The second irradiation process is shown in 
FIG. 3b. The linearly polarized light having a polarized 
direction - perpendicular to the first polarized 
direction O, is irradiated into the alignment layer 12 in 
the oblique direction 8 relative to the normal line of 



alignment layer 12. Thereby, one pretilt angle direction 
6 { is selected and the pretilt angle is enlarged 
according to the oblique angle between the substrate 11 
and incident direction of the second ultraviolet light. 
For example, when the oblique angle is 45°, the pretilt 
angle is set 0.26°. 

The photo-alignment method has several 
advantages over rubbing. For example, it can prevent the 
defects of rubbing such as a light scattering and random 
phase distortion. Also during the alignment process, dust 
particles and electrostatic discharged are not generated 
in the alignment layer, so that the substrate is not 
damaged. 

The conventional photo-alignment method, 
however, is complicated due. to double-exposure. In 
addition, the range of ' controllable pretilt angle by the 
second ultraviolet light is very limited, for example, 
0.15° when 1 the oblique angle is 30°, 0.26° when the 
oblique angle is 45°, 0.30° when the oblique angle is 60°. 



An object of the present invention is to 
provide a photo-alignment method in which the process is 



simple and applicable to various modes of liquid crystal 
cells by controlling the pretilt angle in all ranges of 
0°- 90°. 

Another object of the present invention is to 
provide a method for fabricating a liquid crystal cell 
which has a wider viewing angle. 

In order to achieve these and other objects, a 

method, as embodied defined herein, comprises, providing 

r » 

an alignment layer, preferably of a photosensitive 
material, on a substrate; and exposing the alignment 
layer to unpolarized or partially polarized light in an 
oblique direction with respect to the alignment layer, to 
provide pretilt for the molecules of the alignment layer. 

It is to be understood that both the foregoing 
general description and the following detailed 
description are exemplary and explanatory only and are 
not restrictive of the invention, as claimed. 



For a better understanding of the invention, embodiments will now be 
described by "way of example, with reference to the accompanying drawings, 
in which: 



FIG.l illustrates a liquid crystal director in 
Cartesian coordinates. 

FIGs. 2a to 2b illustrate a conventional rubbing 

alignment process. 

FIGs. 3a to 3c illustrate a conventional photo- 
alignment process. 

FIGs. 4a to 4c show the polarized characteristics 

of light. 

FIGs. 5a to 5b show the relationship between 
pretilt angle and photo-energy in the siloxane materials. 

FIGs. 6a to FIG.6C show various alignment modes 
capable of being provided by an alignment process 
according to the invention. 

FIGs 7a to 7b illustrate an alignment process 

according' to this invention. 

FIGs 8a to 8b illustrate another alignment process 

according to this invention. 

FIG. 9 shows the relationship between pretilt 
angle and photo-energy according to the polarization 
degree. 

FIGs. 10a -to lOe show various liquid crystal modes 
capable of being provided by fabricating process 
according to the invent. 

FIGs.lla to I™ illustrate a process of 



fabricating a multi-domain liquid crystal cell. 

FIGs. 12a to 12h - show another process of 
fabricating a multi-domain liquid crystal cell. 

FIGs. 13a to 13 j show yet another process of 
fabricating a multi-domain liquid crystal cell. 

FIGs . 14 a to 14 j show yet another process of 
fabricating a multi-domain liquid crystal cell. 

Wherever possible, the same reference number will be used 
throughout the drawings to refer to the same or like 
parts. 

Further, the direction of the pretilt of the 
liquid crystal molecules in each of the four domains may 
be substantially perpendicular to that of at least one 
adjacent ones of the four domains. 

FIG,. 4 is a schematic showing the characteristic 
of light- according to the intensity of each 
electromagnetic wave in the P and S directions. In the 
figure, the P-direction and s-direction are used to 
illustrate the relative intensity of each light. The P- 
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direction and S-directibn are perpendicular to one 
another. 

Unpolarized light in this specification is 
defined as a collection of omnidirected electromagnetic 
waves oscillating in all directions, so that it has 
electromagnetic waves oriented in every direction except 
the incident direction. FIG. 4a shows unpolarized light 
transmitting through a transparent plate 7 which pass all 
incident electromagnetic waves. The unpolarized light has 
the equivalent intensities in the P and S directions, or, 
in other words, the unpolarized light is constituted of 
omnioriented electromagnetic waves. 

On the other hand, the polarized light is defined 
as a collection of unidirected oscillating 
electromagnetic waves FIG. 4b demonstrates polarized light 
transmitting through a polarizer 17 which allows only 
electromagnetic waves directed parallel to the 
transmissive axis of the polarizer 17 to pass. Therefore, 
the polarized light includes only unidirected 
electromagnetic waves. 

Finally, partially polarized light is defined in 
this specification as light having an elliptically shaped 
intensity in which a principal intensity is stronger than 
other intensities. In other words, the intensity of the 
principal electromagnetic wave P is strongest, and the 



subordinate electromagnetic wave S oriented perpendicular 
to the principal electromagnetic wave is weakest . FIG. 4c 
illustrates partially polarized light transmitting 
through a partially polarizing plate 27 which allows the 
intensity of waves parallel to the principal transmission 
axis to pass unimpeded, but partially blocks the 
intensity of waves oriented in other direction. 
Therefore, the partially polarized light is comprised of 
a principle intensity P and a subordinate intensity S 
smaller than principal intensity P. 

This invention utilizes unpolarized and partially 
polarized light to algin liquid crystal molecules 
injected into the liquid crystal cell- To align the 
liquid crystal molecules, an alignment layer or 
photoreactive layer should be coated on the substrates 
constituting the liquid crystal. According to this 
invention, the alignment layer includes light 
sensitive (photosensitive) material which is readily 
aligned in the direction perpendicular to the polarized 
direction of the incident light. In this manner, the 
pretilt angle directions are determined in the directions 
perpendicular to the polarized direction of the incident 
light:. In addition, the materials have a pretilt forming 
characteristics controllable in entire range of 0-90 
degrees . 
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The photosensitive material of this invention 
includes the oligomer and a polymer of siloxane 
cinnamates having following structure formulas, 
polysiloxane cinnamate I : 



CH ~ CH 



Z - Si - (CHzli - 0 
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polysiloxane cinnamate II : 




2 = OH , CH 3 , or mixtures thereof, 
m = 10-100, 

1 = 1-11, ' 
L = 0 or I, 
K = 0 or 1, 

X, X,, X 7/ Y = H , F , CI, CN, CF 3 , C.H^, or 0C 0 H 2a ^ l wherein 
n can be from 1 to 10, or mixtures thereof. 

The pretilt angle forming characteristics of 
these materials is shown in FIGs.Sa and FIG ,5b. FIG . 5a 
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shows pretilt angle forming characteristics of siloxane 
polymers. The material has a pretilt angle of 90 degree 
without providing any photo-energy. By irradiating with 
light, the pretilt angle is slowly decreased, in the 
range I, down to 60°. The pretilt angle is more rapidly 
decreased down to about 10° by increasing photo- 
irradiation energy between range II and range I, and then 
is slowly decreased in range II. 

FIG.Sb shows pretilt angle forming 

characteristics of siloxane oligomers. The material has 
a pretilt angle of 90 degrees without providing any 
photo-energy- By irradiating with light, the pretilt 
angle is slowly decreased in the range II, down to about 
60°, and then continues to be decreased to about 50° with 
increasing photo-irradiation energy. By using these 
materials as an alignment layer, the pretilt angle can be 
easily controlled through a broad range. 

Therefore, the various alignment modes are formed 
as shown in FIG. 6. FIG. 6a shows a homogeneous alignment 
mode having a pretilt angle less than 10°, FIG. 6b. shows 
a homeotrppic alignment mode having a pretilt angle 
greater than '60°. In addition, a tilted alignment mode 
having a pretilt angle between 10° and 60° can be produced 
as illustrated in FIG. 6c. 
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The alignment method of present invention can be 
adopted to all kinds of liquid crystal cells by 
controlling the various pretilt angles as described 
above. 

One alignment method of this invention is 
illustrated in FIG. 7. In this embodiment, unpolarized 
light having an omnidirected electromagnetic wave is 
utilized to provide a pretilt by single exposure. This 
light has electromagnetic waves oscillating in all 
directions except the incident direction; therefore, 
cross linking is not generated in the incident direction. 
In FIG. 7a the unpolarized light is irradiated onto an 
alignment layer 22 formed with siloxane materials with an 
angle h from normal line of the alignment layer. Thereby, 
the pretilt angle direction is selected in the direction 
of the incident light, and pretilt angle is controlled by 
the photo-energy of the light. As shown in FIG. 7b, one 
pretilt hp is provided on the alignment layer. 

To save the photo-energy, the preferred mode of 
liquid crystal cell is a home'otropic alignment mode. To 
achieve this mode, the range II of photo-energy is 
applied to alignment layer when the alignment layer is 
formed with siloxane polymers as shown in FIG. 5a. 
Similarly, when the siloxane oligomers is used for 
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alignment layer as shown in FIG. 5b, the range II of 
photo-energy is applied. In this embodiment, a polarizer 
polarizing a light can be excluded in the irradiating 
device. Also, because the alignment process is completed 
in a single exposure, rearranging of the irradiating 
device is not necessary. Therefore, the process is simple 
due to single exposure, and is more energy efficiency. 

Another alignment method of this invention is 
illustrated in FIG. 8. In this embodiment, partially 
polarized light having subordinate electromagnetic wave 
components as well as a principal electromagnetic wave 
component is utilized to provide a pretilt by single 
exposure. In this method, the subordinate components 
perpendicular to principal components serve to select a 
pretilt angle direction. The principal components provide 
the pretilt angle direction axis. In FIG .8a, the 
partially polarized light is irradiated onto the 
alignment layer 22 formed with siloxane materials with an 
angle h from normal line of the alignment layer. In this 
manner, two pretilt angle directions are determined in 
the direction perpendicular to the principal direction. 
At the same time, subordinate components select one 
pretilt angle direction in the incident direction h. 
The pretilt angle is also controlled by the photo-energy 



14 

of the light. As shown in FIG. 8b, one pretilt h p is 
provided on the alignment layer. 

A stable alignment by principal components can be 
achieved. Therefore, this process can be adopted to the 
homogeneous mode as well as the homeotropic mode. 

In addition, the pretilt angle sharpness depends 
upon the degree of polarization of partially polarized 
light as shown in FIG. 9 

By adopting the alignment processes discussed 
above, various modes of liquid crystal cells of FIG. 10 
may be produced depending the configuration between the 
first pretilt of first alignment layer and the second 
pretilt of second alignment layer facing the first 
alignment layer. 

FIG. 10a illustrates a TN mode liquid crystal cell 
in which a pretilt angle * direction of one alignment layer 
is perpendicular to a pretilt angle direction of the 
other alignment layer. FIG. 10b and FIG. 10c illustrate a 
spray mode and a bend mode liquid crystal cell, 
respectively. In these modes, -a pretilt angle direction 
of one alignment layer is antiparallel with a pretilt 
angle direction of the other alignment layer. FIG.lOd 
illustrates an ECB mode liquid crystal cell in which the 
pretilt angle direction of one alignment layer is 
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parallel with a pretilt angle direction of the other 
alignment layer. Finally, FIG.lOe shows a hybrid mode 
liquid crystal cell having one alignment layer aligned in 
a homeotropic mode and the other alignment layer aligned 
in a homogeneous mode. 

A mono-domain liquid crystal cell has a problem 
of the viewing angle dependency. To overcome this and 
other problems, this invention provides a fabricating 
method of multi-domain liquid crystal cells shown in 
FIG. 11 through FIG 14. 

r 

■* 

FIG. 11 demonstrates one embodiment of this 
invention which provides a multi-domain ECB mode liquid 
crystal cell aligned parallel between two substrates 21 
and has a pretilt angle greater than 60°. FIG . 11a shows 
a method for providing a first: pretilt on a first domain 
I on the alignment layer 22. The first unpolarized light 
is obliquely irradiated in the angle hi into the 
substrate 21 coated with alignment layer 22 of siloxane 
polymers while being blocked from the second domain II in 
FIG. 11a and FIG. lib, the cross-sectional view of the 
FIG. lla, so as to provide a first pretilt on the first 
domain I. The- first pretilt is defined with, a first 
pretilt angle being larger than 60° relative to the 
substrate and a pretilt angle direction oriented to the 
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incident light direction. 

FIG. lie and FIG. lid show the method for providing 
a second pretilt on a second domain II on the alignment 
layer 22. To get the second pretilt, the mask 23 is moved 
to the first domain I. The second unpolarized light is 
obliquely irradiated with the angle h 2 into the alignment 
layer 22 while being blocked from the first domain I, so 
as to provide a second pretilt on the second domain II. 

A second substrate 21 is coated with alignment 
layer 22 and provided with the first pretilt and the 
second pretilt on the first domain and the second domain, 
respectively, as shown in FIG. lie. The pretilts are 
tilted toward each other on the alignment layer 2 2 as 
shown in FIG.llf, the cross sectional view of FIG. lie. 

A liquid crystal panel is then obtained by 
assembling the two substrates 21 for an ECB mode liquid 
crystal cell! Liquid crystal materials 24 are injected 
into the liquid crystal panel having two domains, then 
liquid crystal molecules 24 are vertically aligned 
between two substrates 21. -At the same time, the 
molecules in one domain are aligned parallel to the 
column of the cell cross-section, but in the row, the 
molecules of liquid crystal materials are aligned in the 
different directions according to domains as shown in 
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FIG.llg and FIG.llh. 

In this manner, the viewing angle is compensated 
by aligning the liquid crystal molecules according to 
domains so as to get a wider viewing angle liquid crystal 
cell. Further, the direction of the second pretilt may be 
substantially perpendicular to that of the first pretilt. 

In this embodiment, the photo-irradiation energy- 
is selected so that said first pretilt and said second 
pretilt are set to be greater than 60°, or more 

preferably, 75° - 89°. That is, when the siloxane based 

r 

materials are used as the alignment layer, the range "II" 
of photo-energy is applied to get a pretilt angle greater 
than 6 0°, as shown in FIG. 5a and FIG. 5b. Thus the large 
pretilt angle is easily provided for the ECB mode liquid 
crystal cell by adopting this alignment process. 

FIGs.l2a to 12h'show another embodiment of this 
invention which provide a multi-domain TN mode liquid 
crystal cell which is aligned twistedly between two 
substrates and has a pretilt angle less than 10°. FIG. 12a 
shows the method for providing* a first pretilt on a first 
domain I on the alignment layer 22. The first partially 
polarized light is obliquely irradiated in the angle hi 
into alignment layer 22 of siloxane polymer while being 
blocked from the second domain II in FIG. 12a and FIG. 12b, 



18 

so as to provide a first pretilt on the first domain I. 
The first pretilt is defined with a first pretilt angle 
being less than 10° relative to the substrate 21 and a 
pretilt angle direction oriented to the incident light 
direction. FIG.12C and FIG.12d show the method for 
providing a second pretilt on a second domain II on the 
alignment layer 22. To get the second pretilt, the mask 
23 is moved to the first domain I. The second unpolarized 
light is obliquely irradiated with the angle h2 into the 
alignment layer 22 while being blocked from the first 
domain I, so as to provide a second pretilt on the second 
domain II. 

The second substrate 2 1 is coated with alignment 
layer 2 2 and provided with the first pretilt and the 
second pretilt on the first domain and the second domain, 
respectively, as shown' in FIG.12e. The pretilts are 
tilted in planes parallel to one another on the alignment 
layer 22 as shown in FIG.12f, the cross sectional view of 
FIG.12e. 

Then, a liquid crystal panel can be obtained by 
assembling said two substrates 21 for TN mode liquid 
crystal cell. Liquid crystal materials 24 are injected 
into the liquid crystal panel having two domains, then 
liquid crystal molecules 24 are horizontally aligned 
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between two substrates 21. At the same time, the 
molecules in one domain are twistedly aligned in the 
column of the cell cross-section, but in the row, the 
molecules of liquid crystal materials are aligned in 
different direction according to domains as shown in 
FIG. 12g and FIG . 12h . 

Thereby, the viewing angle is compensated by 
aligning the liquid crystal molecules according to their 
domains so as to get a wider viewing angle liquid crystal 
cell. Further, the direction of the second pretilt may 
be substantially perpendicular to that of the first 
pretilt. 

In this embodiment, the photo-irradiation energy 
is selected so that the first pretilt and the second 
pretilt are set to be . less than 10°. That is, when the 
siloxane based materials are used as the alignment layer, 
the range "I" of photo-energy is applied to get a pretilt 
angle greater than 10°, as shown in FIG. 5a. 

Thus, the stable pretilt alignment axis is easily 
provided by principal wave of the partially polarized 
light, m addition, the pretilt angle sensitivity is 
controlled by the degree of polarization of partially 
polarized light as shown in FIG. 9. 

FIG illustrates a process for fabricating a 
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four-domain ECB mode liquid crystal cell which produces 
a wider viewing angle than two-domain ECB mode cell. In 
FIG. 13a and FIG. 13b, the cross-sectional view of FIG. 13a, 
the first unpolarized light is obliquely irradiated in 
the angle h^ into the substrate 21 coated with alignment 
layer 22 of siloxane polymer materials while being 
blocked from the second, third and fourth domains 11,111, 
IV, so as to determine the first pretilt on the first 
domain I, the pretil.t having angle larger than 60°. To 
get the second pretilt having angle larger than 60° , the 
second unpolarized light is obliquely irradiated in ^the 
angle h2 into the substrate 2 1 while being blocked from 
the first, third and fourth domains 1,111,1V as shown in 
FIG. 13c and FIG. 13d. To get the third and fourth pretilt 
having pretilt angle larger than 60°, as shown in 
FIG. 13e, FIG.13f, FIG . 13g and FIG.13h, a third 
unpolarized light and a fourth unpolarized light are 
obliquely irradiated a third domain III and a fourth 
domain IV, respectively, while being blocked from other 
domains. In FIG.13i, after removing the mask, the first 
substrate having four domains for a liquid crystal panel 
is obtained . 

The above photo-alignment process is carried out 
on another second substrate 2 1 and a liquid crystal panel 
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is obtained by assembling the two substrates 21. Liquid 
crystal materials are injected into the liquid crystal 
panel having four domains, then liquid crystal molecules 
are vertically aligned. At the same time, molecules are 
aligned parallel to the column of the cell cross-section, 
but in the row, the molecules of liquid crystal materials 
are aligned in the different directions between domains 
as shown in FIG. 13 j. 

Thereby, the. viewing angle is compensated by 
aligning the liquid crystal molecules according to their 
domains so as to get a wider viewing angle liquid crystal 
cell. Further, the direction of the pretilt of the liquid 
crystal molecules in each of the four domains may be 
substantially perpendicular to that of at least one of 
adjacent ones of the four domains. 

. In this embodiment, the photo-irradiation energy 
for providing first pretilt angle, second pretilt angle, 
third pretilt angle and fourth pretilt angle is selected 
in the range II of FIG. 5a or FIG. 5b, so that the pretilt 
20 angle is larger than 60°, and- more preferable, greater 

than 75° but less than 89°. " 

The present invention provides a method of 
fabricating an ECB mode liquid crystal cell which can be 
obtained in short time by the photo-alignment process. 
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Moreover, it can provide a multi-domain ECB mode liquid 
crystal cell by changing the incident direction . of the 
photo-irradiation. Thus, the ECB mode cell having a wider 
viewing angle, a higher contrast ratio and a more stable 
grey scale is easily fabricated by the photo-alignment 
process of this invention. The large pretilt angle for 
the ECB mode is readily provided by adopting an alignment 
layer of this invention. Therefore, a photo-alignment 
process is completed in a shorter time so that total tact 
time is shorter than conventional method. 

FIG. 14a through FIG. 14 j show' a process for 
fabricating a four-domain TN mode liquid crystal cell 
having a wider viewing angle than a two-domain TN mode 
cell. In FIG . 14 a and FIG. 14b, the cross-sectional view of 
FIG. 14a, the first partially polarized light is obliquely 
irradiated in the angle hi into the substrate 21 coated 
with alignment layer 22 of siloxane polymer materials 
while being blocked from the second, third and- fourth 
domains 11,111, IV, so as to determine the first pretilt 
on the first domain I, the pretilt having angle less than 
10°. To get the second pretilt having angle less than 10°, 
the second partially polarized light is obliquely 
irradiated in the angle h2 into the , substrate 21 while 
being blocked from the first, third and fourth domains 
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1,111,1V as shown in FIG. 14c and FIG.14d. To get the 
third and fourth pretilts having pretilt angle less than 
10°, as shown in FIG . 14 e , FIG . 14 f , FIG.l4g and FIG.l4h, 
a third partially polarized light and a fourth partially 
polarized light are obliquely irradiated a third domain 
III and a fourth domain IV, respectively, while being 
blocked from other domains. Therefore, the first 
substrate 2 1 having four domains for a liquid crystal 
panel can be produced. 

The above photo-alignment process is carried out 
on another substrate 2 1 to prepare the second substrate 
as sown in FIG.l4i. 

After assembling the two substrates 21, liquid 
crystal materials are injected into the liquid crystal 
panel having four domains, then liquid crystal molecules 
are horizontally aligned. At the same' time, molecules are 
twistedly aligned in the column of the cell cross- 
section, but in the row, the molecules of liquid crystal 
materials are aligned in the different directions between 
domains as shown in FIG. 14 j. "• 

Thereby, the viewing angle is compensated by 
aligning the liquid crystal molecules according to their 
domains so as to get a wider viewing angle liquid crystal 
cell. Further, the direction of the pretilt of the liquid 
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crystal molecules in each of the four domains may be 
substantially perpendicular to that of at least one of 
adjacent ones of the four domains. 

In this embodiment, the photo-irradiation energy 
for providing first pretilt angle, second pretilt angle, 
third pretilt angle and fourth pretilt angle is set up in 
range I of FIG. 5a, so that the pretilt angle is less than 
10°. 

Thus, a stable pretilt alignment axis is easily 
provided by principal wave of the partially polarized 
light. In addition, the pretilt angle sensitivity is 
controlled by the degree of polarization of partially 
polarized light as shown in FIG. 9. 

Therefore, a photo-alignment process is completed 
in the shorter time so that total tact time is shorter 
than conventional methods. In each of the above 
embodiments of the invention, the liquid crystal material 
may include a positive or negative dielectric 
anisotrophy. 

Other embodiments of the invention will be 
apparent to those skilled in the .art from consideration 
of the specification and practice of the invention 
disclosed herein. It is intended that the specification 
and examples be considered as exemplary only, with a true 



25 



scope and spirit of the invention being indicated by the 
following claims. 

5 
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15 
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CLAIMS 



1. A method of manufacturing a liquid crystal 
display device, comprising the steps of: 

providing an alignment layer on a substrate, said 
alignment layer having an orientation having an axis 
perpendicular to an oscillating direction of an 
electromagnetic wave; and 

exposing said alignment layer to light obliquely 
incident onto a surface of said alignment layer. 

2 . A method of manufacturing a liquid crystal 
device in accordance with claim 1, wherein said alignment 
layer includes a siloxane based polymer. 

3/ A method of manufacturing a liquid crystal 
device in accordance with claim 1, wherein said alignment 
layer includes a siloxane based oligomer. 



4. A method of manufacturing a liquid crystal device in 
accordance with claim 1, 2 or 3, further comprising the step of providing a 
liquid crystal material adjacent the alignment layer. 

5. A method of manufacturing a liquid crystal 
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device in accordance with claim 1, 2, 3 or 4, wherein said exposing 
step comprises the steps of: 

exposing a first portion of the alignment layer 
to said light obliquely incident onto the surface of 
alignment layer; and 

exposing a second portion of the alignment layer 
to said light obliquely incident onto the surface of 
alignment layer, said first and second portions being 
different from one another. 

6. A method of manufacturing- a liquid crystal 
device in accordance with claim 1, 2, 3 or 4, wherein said exposing 

step comprises the steps of: 

exposing a first portion of the alignment layer 
to. said light obliquely incident onto the surface of 
alignment layer while preventing a second portion of the 
alignment layer from being exposed to said light/ said 
second portion being different than the first portion; 
and 

exposing said second -portion of alignment layer 
to said light obliquely incident onto the surface of the 
alignment layer while preventing said first portion from 
being exposed to said light. 



A method of manufacturing a liquid crystal 



28 

device in accordance with claim 1, 2, 3 or 4, wherein said exposing 
step comprises the steps of exposing a first portion of 

the alignment layer to said light obliquely incident onto 

the surface of the alignment layer while preventing a 

second, third and fourth portions of the alignment layer 

from being exposed to said light, said first, second, 

third and fourth portions being different from one 

another; 

exposing said second portion of the alignment 
layer to said light while preventing the first, third, 
and fourth portions of the alignment flayer from being 
exposed to said light; . 

exposing said third portion of the alignment 
layer to said light while preventing the first, second, 
and fourth portions of the alignment layer from being 
exposed to said light; and 

exposing said fourth portion of the alignment 
layer to said light while preventing the first, second, 
and third portions of the alignment layer from being 
exposed to said light. 

8. A method of manufacturing a liquid crystal 
device in accordance with any one of the preceding claims, wherein said 

light includes ultraviolet light. 
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9. A method of manufacturing a liquid crystal device in 
accordance with claim 4, or any one of claims 5 to 8 when dependent on claim 
4, wherein the liquid crystal material has a pretilt angle greater than 60°. 

10. A method of manufacturing a liquid crystal device in 
accordance with claim 4, or any one of claims 5 to 8 when dependent on claim 
4, wherein the liquid crystal material has a pretilt angle less than 10°. 

11. A method of manufacturing a liquid crystal device in 
accordance with claim 4, or any one of claims 5 to 10 when dependent on 
claim 4, wherein the liquid crystal material includes a negative dielectric 
anisotrophy. 

12. A method of manufacturing a liquid crystal device in 
accordance with claim 4, or any one of claims 5 to 10 when dependent on 
claim 4, wherein the liquid crystal material includes a positive dielectric 
anisotrophy. 

13. A method of manufacturing a liquid crystal device in 
accordance with claim 5, or claims 8, 9, 10, 11 or 12 when dependent on 
claim 5, further comprising providing a liquid crystal material adjacent each 
of said exposed first and second portions of the alignment layer, the liquid 
crystal material adjacent the first portion of the alignment layer having a first 
pretilt and the liquid crystal materials adjacent the second portion of alignment 
layer having a second pretilt different than said first pretilt. 



14. A method of manufacturing a liquid crystal device in 
accordance with claim 5, or claims 8, 9, 10, 11 or 12 when dependent on 
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claim 5, further comprising the step of providing a liquid crystal materials 
adjacent a respective one of said exposed first and second portions of the 
alignment layer, the liquid crystal material adjacent the first portion of the 
alignment layer having a first pretilt and the liquid crystal material adjacent the 
second portion of the alignment layer having a second pretilt substantially 
perpendicular to said first pretilt. 

15. A method of manufacturing a liquid crystal device in 
accordance with claim 5, or any one of claims 8 to 14 when dependent on 
claim 5, further comprising the steps of: 

exposing a third portion of the alignment layer 
to said light obliquely incident onto the surface of the 
alignment layer; and 

exposing a fourth portion of the alignment layer 
to said light obliquely incident onto the surface of the 
alignment layer, said first, second, third and fourth 
portion being different from one another. 
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16. A method of. manufacturing a liquid crystal 
device in accordance with claim 15, further comprising 
providing a liquid crystal materials adjacent each of 
said exposed first, second, third and fourth portions of 

5 the alignment layer, the liquid crystal molecules 

adjacent one. of the first, second, third and fourth 
portions of the alignment layer having a pretilt angle 
direction different than the pretilt angle direction of 
the liquid crystal material adjacent at least one of 
10 another of the first, seoond, third and fourth portions 

of the alignment layer. 

17. A method of manufacturing a liquid crystal 
device in accordance with claim 15, further comprising 

15 providing a liquid crystal materials adjacent each of 

said exposed first, second, third and fourth portions of 
the alignment layer, the liquid crystal material adjacent 
one of the first, second, third and fourth portions of 
the alignment layer having a pretilt angle direction 

20 substantially perpendicular to the pretilt angle 

direction"-- of the liquid . crystal material adjacent at 
least one of another of the first, second, third and 
fourth portions of alignment layer. 
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18. A method of manufacturing a. liquid crystal 
display device, comprising the steps of: 

providing an photoreact i ve layer on a substrate; 

and 

exposing said pho toreact i ve layer to unpolarized 
light obliquely incident onto a surface of the 
photoreactive layer. 

19. A method of manufacturing a liquid crystal 
device in accordance with claim 18, wherein the 
photoreactive layer includes a siloxane based polymer. 

20. A method of manufacturing a liquid crystal 
device in accordance with claim 18 , wherein the 
photoreactive layer includes a siloxane based oligomer. 

21. A method of manufacturing a liquid crystal 
device in accordance with claim 18, 19 or 20, further comprising 
the step of exposing the photoreactive layer to polarized 
light. 

22. A method of manufacturing a liquid crystal 
device in accordance with claim 18, 19, 20 or 21, further comprising 
providing a ■ liquid crystal material adjacent the 
photoreactive layer . 
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23. A method of manufacturing a liquid crystal 
device in accordance with claim 18, 19, 20, 21 or 22, wherein said 
unpolarized light includes ultraviolet light. 

24. A method of manufacturing a liquid crystal 
device in accordance, with claim 18, 19, 20, 21, 22 or 23, wherein said 

exposing step comprises the steps of: 

exposing a first portion of the photoreactive 

layer to said unpolarized light; and 

exposing a second portion of the photoreactive 

layer to said unpolarized light, said first and second 

portions being different from one another. 

25. A method of manufacturing a liquid crystal 
device in accordance with any of claims 18 to 23, wherein said exposing 
step comprises the steps of : 

exposing a first portion of the photoreactive 
layer to said unpolarized light while preventing a second 
portion of the photoreactive layer from being exposed to 
said unpolarized light, said'-first and second portions 
being different from the one another; and 

exposing said second portion of the photoreactive 
layer to said unpolarized light while preventing said 
first portion of the photoreactive layer from being 
exposed to said unpolarized light. 
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26. A method of manufacturing a liquid crystal device in 
accordance with any one of claims 18 to 23, wherein said exposing step 
comprises the steps of: 

exposing a first: portion of the photoreactive 
layer to said unpolarized light while preventing a 
second, third, and fourth portions of the photoreactive 
layer from being exposed to said unpolarized light, said 
first, second, third and fourth portions different from 
one another ; 

exposing said second portion of the photoreactive 
layer to said unpolarized light whil*e preventing the 
first, third, and fourth portions of the photoreactive 
layer from being exposed to said unpolarized light; 

exposing said third portion of the photoreactive 
layer to said unpolarized light while preventing the 
first, second, .and fourth portions of the photoreactive 
layer from being exposed to said unpolarized light; and 

exposing said fourth portion of the photoreactive 
layer to said unpolarized light while preventing the 
first, second, and third portions of the photoreactive 
layer from being exposed to said unpolarized light. 
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27. A method of manufacturing a liquid crystal 
device in accordance with any one of claims 21 to 26, wherein said 
unpolarized light is incident at an angle substantially 
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perpendicular to the surface of the photoreactive layer. 

28. A method of manufacturing a liquid crystal device in 
accordance with claim 22, or any one of claims 23 to 27 when dependent on 
claim 22, wherein the liquid crystal material has a pretilt angle greater than 
60°. 

29. A method of manufacturing a liquid crystal device in 
accordance with claim 22, or any one of claims 23 to 27 when dependent on 
claim 22, wherein the liquid crystal material has a pretilt angle less than 10°. 

30. A method of manufacturing a liquid crystal device in 
accordance with claim 22, or any one of claims 23 to 29 when dependent on 
claim 22, wherein the liquid crystal material includes a negative dielectric 
anistrophy. 

31. A method of manufacturing a liquid crystal device in 
accordance with claim 22, or any one of claims 23 to 29 when dependent on 
claim 22, wherein the liquid crystal material includes a positive dielectric 
anistrophy. 

32. A method of manufacturing a liquid crystal device in 
accordance with claim 24, or any one of claims 27 to 31 when dependent on 
claim 24, further- comprising providing a liquid crystal material adjacent each 
of said exposed first and second portions of the photoreactive layer, the liquid 
crystal material adjacent the first pretilt and the liquid crystal material adjacent 
the second portion of the photoreactive layer having a second pretilt different 
from said first pretilt. 
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33. A method of manufacturing a liquid crystal device in 
accordance with claim 24, or any one of claims 27 to 31 when dependent on 
claim 24, further comprising providing a liquid crystal materials adjacent each 
of said exposed first and second portions of the photoreactive layer, the liquid 
crystal material adjacent the first portion of the photoreactive layer having a 
first pretilt and the liquid crystal material adjacent the second portion of the 
photoreactive layer having a second pretilt substantially perpendicular to said 
first pretilt. 

34. A method of manufacturing a liquid crystal device in 
accordance with claim 24, or any one of claims 27 to 33 when dependent on 
claim 24, further comprising the steps of: 

exposing a third portion of the photoreactive 
layer to said unpolarized light; and 

exposing a fourth portion of the photoreactive 
layer to said unpolarized light, said first, second, 
third and fourth portions being different from one 
another . 
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35. A method of manufacturing a liquid crystal 
device in accordance with claim 34, further comprising 
providing a liquid crystal material adjacent each of said 
exposed first, second, third and fourth portions of the 
photoreactive layer, the liquid crystal material adjacent 
one of the first, second, third and fourth portions of 
photoreactive layer having a pretilt angle direction 
different than the pretilt angle direction of the liquid 
crystal material adjacent at least one of another of the 
first, second, third and fourth portions of the 
photoreactive layer . 

36. A method of manufacturing a liquid crystal 
device in accordance with claim 34, further comprising 
providing a liquid crystal material adjacent each of said 
exposed first, second / third and fourth portions of the 
photoreactive layer, the liquid crystal material adjacent 
one of the first, second, third and fourth portions of 
the photoreactive layer having a pretilt angle direction 
substantially perpendicular '• to the pretilt angle 
direction- of the liquid crystal material adjacent at 
least one of another of the first, second, third and 
fourth portion of the photoreactive layer. 



37. A method of manufacturing a liquid crystal 
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display device, comprising the steps of: 

providing an photoreactive layer on a substrate; 

and 

exposing said photoreactive layer with partially 
polarized light obliquely incident onto a surface of said 
photoreactive layer. 

38. A method of . manufacturing a liquid crystal 
device in accordance with claim 37, wherein the 
photoreactive layer includes a siloxane based polymer. 

39. A method of manufacturing a liquid crystal 
device in accordance with claim 37, wherein the 
photoreactive layer includes a siloxane based oligomer. 

40. A method of manuf actuxing a liquid crystal 
device in accordance with claim 37, 38 or 39, further comprising 
providing ' a liquid crystal material adjacent the 
photoreactive layer. 

41. A method of manufacturing a liquid crystal 
device in accordance with claim 37, 38, 39 or 40, wherein the partially 
polarized light includes ultraviolet light. 

42. A method of manufacturing a liquid crystal 
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device in accordance with claim 37, 38, 39, 40 or 41, wherein said exposing 
step comprises the steps of: 

exposing a first portion of the photoreactive 
layer to said partially polarized light; and 

exposing a second portion of the photoreactive 
layer to said partially polarized light, said first and 
second portions being different from one another.. 

43. A method of manufacturing a liquid crystal 
device in accordance with claim 37, 38, 39, 40 or 41, wherein said exposing 
step comprise the steps of: 

exposing a first portion of the photoreactive 
layer to said partially polarized light while preventing 
a second portion of the photoreactive layer from being 
exposed to said light, said first and second portions 
being different from the one another; and 

exposing said second portion of the photoreactive 
layer to said partially polarized light while preventing 
said first portion of the photoreactive layer from being 
exposed to said light. 

44. 'a method of manufacturing a liquid crystal 
device in accordance with claim 37, 38, 39, 40 or 41, wherein said exposing 
step comprises the steps of: 

exposing a first portion of the photoreactive 
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layer to said partially polarized light while preventing 
a second, third, and fourth portions of the photoreact ive 
layer from being exposed to said light, said first, 
second, third and fourth portions being different from 
one another; 

exposing said second portion of the photoreactive 
layer to said partially polarized light while preventing 
the first, third, and. fourth portions of the 
photoreactive layer from being exposed to said light; 

exposing said third portion of the photoreactive 
layer to said partially polarized light while preventing 
the first, second, and fourth portions of the 
photoreactive layer from being exposed to said light; and 

exposing said fourth portion of the photoreactive 
layer to said partially polarized light while preventing 
the first, second, and third portions of the 
photoreactive layer from being exposed to said light. 

45. A method of manufacturing a liquid crystal 
device in accordance with any one of claims 40 to 44, wherein the liquid 
crystal material has a pretilt angle greater than 60°. 



46. A method of manufacturing a liquid crystal 
device in accordance with any one of claims 40 to 44, wherein the liquid 
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crystal material has a pretilt angle less than 10°. 

47. A method of manufacturing a liquid crystal device in 
accordance with any one of claims 40 to 46, wherein the liquid crystal material 
includes a negative dielectric anistrophy. 

48. A method of manufacturing a liquid crystal device in 
accordance with any one of claims 40 to 46, wherein the liquid crystal material 
includes a positive dielectric anistrophy. 

49. A method of manufacturing a liquid crystal device in 

r * 

accordance with claim 42, or claims 45, 46, 47 or 48 when dependent on 
claim 42, further comprising providing a liquid crystal material adjacent each 
of said exposed first and second portions of the photoreactive layer, the liquid 
crystal material adjacent the first portion of the photoreactive layer having a 
first pretilt and the liquid crystal material adjacent the second portion of the 
photoreactive layer having a second pretilt different from said first pretilt. 

50. A method of manufacturing a liquid crystal device in 
accordance with claim 42, or claim 45, 46, 47 or 48 when dependent on claim 
42, further comprising providing a liquid crystal material adjacent each of said 
exposed first and second portions of the photoreactive layer, the liquid crystal 
material adjacent the first portion of the photoreactive layer having a first 
pretilt and the liquid crystal material adjacent the second portion of the 
photoreactive layer having a second pretilt substantially perpendicular to said 
first pretilt. 

51. A method of manufacturing a liquid crystal device in 
accordance with claim 42, or any one of claims 45 to 50 when dependent on 
claim 42, further comprising the steps of: 
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exposing a third portion of the photoreactive 
layer to said partially polarized light; and 

exposing a fourth portion of the photoreactive 
layer to said partially polarized light, said first, 
second, third and fourth portions being different from 
one another. 

52. A method of manufacturing a liquid crystal 
device in accordance with claim 51, further comprising 
providing a liquid crystal material adjacent each of said 
exposed first, second, third and fourth portions of the 
photoreactive layer, the liquid crystal material adjacent 
one of the first, second, third and fourth portions of 
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photoreactive layer having a pretilt angle direction 
different than the pretilt angle direction of the liquid 
crystal material adjacent at least one of another, of the 
first, second, third and fourth portions, of the 
photoreactive layer. 

53 . A method of manufacturing a liquid crystal 
device in accordance with claim 51, further comprising 
providing liquid crystal material adjacent each of said 
exposed first, second, thjLrd and fourth portions of the 
photoreactive layer, the liquid crystal material adjacent 
one of the first, second, third and fourth portions of 
the photoreactive layer having a pretilt angle direction 
substantially perpendicular to the pretilt angle 
direction of the liquid crystal material adjacent at 
least one of another of the first, second, third and 
fourth portions of the photoreactive layer. 

54. A liquid crystal device, comprising ; 

an alignment layer provided on a substrate, said 
alignment layer including a light sensitive material and 
having an orientation; and 

a liquid crystal material adjacent said alignment 
layer, said liquid crystal material having molecules 
having a pretilt, said pretilt having a magnitude 
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depending on said orientation of the alignment layer. 

55. A liquid crystal display device in accordance with claim 
54, wherein the alignment layer includes a siloxane based oligomer. 

56. A liquid crystal display device in accordance with claim 
54, wherein the alignment layer includes a siloxane based polymer. 

57. A liquid crystal display device in accordance with claim 
54, 55 or 56, wherein said molecules of the liquid crystal material are aligned 
homogeneously. 

r 

58. A liquid crystal display device in accordance with claim 
54, 55 or 56, wherein said molecules of the liquid crystal material are aligned 
homeotropically. 

59. A liquid crystal display device in accordance with claim 
54, 55, 56, 57 or 58, wherein said molecules of the liquid crystal material are 
aligned tiltedly . 

60. A liquid crystal display device in accordance with claim 
54, 55, 56, 57 or 58, wherein said molecules of the liquid crystal material are 
aligned twistedly. 

61. A liquid crystal display device in accordance with claim 
54, 55, 56, 57 or 58, wherein said molecules of the liquid crystal material are 
aligned in a hybrid form. 

62. A liquid crystal display device in accordance with any one 
of claims 54 to 61, further comprising; 
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another substrate over said liquid crystal material opposite said 
substrate; and 

another alignment layer over said another substrate facing said 
alignment layer. 

63. A liquid crystal display device in accordance with any one 
of claims 54 to 62, wherein an extent of said orientation depends on an amount 
of exposure of said alignment layer to light. 

64. A liquid crystal display device in accordance with any one 
of claims 54 to 63, wherein the f alignment layer includes polysiloxane 
ci ruminate. 

65. A liquid crystal display device in accordance with any one 
of claims 54 to 64, wherein a first portion of said molecules of the liquid 
crystal material adjacent to a first portion of said alignment layer is oriented 
in a first pretilt direction, and a second portion of the molecules of the liquid 
crystal material adjacent a second portion of the alignment layer is oriented in 
a second pretilt direction, said first and second portions of the molecules being 
different from one another, and said first and second portions of the alignment 
layer being different from one another. 

66. A liquid crystal display device in accordance with claim 
62, or claim 63, 64 or 65 when dependent on claim 62, wherein said another 
alignment layer includes a light sensitive material. 

67. A liquid crystal display device in accordance with claim 
62, or claim 63, 64 or 65 when dependent on claim 62, wherein said another 
alignment layer includes a polysilioxane cinnamate. 
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68. A liquid crystal display device in accordance with claim 
63, or claim 64, 65, 66 or 67 when dependent on claim 63, wherein the light 
includes an unpolarized light. 

69. A liquid crystal display device in accordance with claim 
63, or claim 64, 65, 66 or 67 when dependent on claim 63, wherein the light 
includes partiaJly polarized light. 

70. A liquid crystal display device in accordance with claim 
65, or claim 66, 67, 68 or 69 when dependent on claim 65, wherein a. third 
portion of said molecules of the liquid crystal material adjacent a third portion 
of said alignment layer is oriented in a third pretilt direction, and a fourth 
portion of said molecules of the liquid crystal material adjacent a fourth 
portion of said alignment layer is oriented in a fourth pretilt direction, said 
first, second, third and fourth portions of said molecules being different from 
one another, said first, second, third and fourth portions of the alignment layer 
being different from one another. 

71. A method of manufacturing a liquid crystal display device 
substantially as 'hereinbefore described with reference to and/or as illustrated 
in any one of or any combination of Figs. 4a to 14j of the accompanying 
drawings. 

72. A liquid crystal display device substantially as hereinbefore 
described with reference to and/or as illustrated in any one of or any 
combination of Figs. 4a to 14j of the accompanying drawings. 
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